The experiments reported here were designed to determine whether or not the humoral factor present in thymus tissue is also found in other lymphoid tissues; i.e., the lymph nodes and spleen. Furthermore, if the humoral factor is confined to the thymus, is it strain-specific in its activity, or does allogeneic thymus enclosed in diffusion chambers have the same restorative activity as does syngeneic thymus? To answer these questions diffusion chambers containing either a syngeneic lymph node or spleen, or a syngeneic or allogeneic thymus were inserted into the peritoneal cavities of mice which had been thymectomized at birth. The immune responses of these mice were then tested by determining their responses to a challenge with sheep erythrocytes and with allogeneic skin grafts.
Materials and Methods
Diffuslon Ckambers.--In these experiments the diffusion chambers were constructed of Millipore filter material (Millipore Filter Corporation, Bedford, Massachusetts) having a rated pore size of 0.1/z. The manner of construction and sterilization was similar to that described in detail in a previous article (17) . This type of chamber was first pretested for possible cell leakage by enclosing a solid block of Gross leukemia tissue within each chamber and inserting the whole into the peritoneal cavities of 3-week-old C3I-If (Gs) mice. Control mice were given an intraperitoneal implant of leukemic tissue in diffusion chambers, one side of which was deliberately left unsealed. Whereas all of the 10 mice in the latter group showed evidence of leukemia and died within 3 weeks of implantation, only 2 of the 20 mice bearing leukemic tissue in sealed chambers developed leukemia. In both of these the leukemia appeared 6 weeks after implantation. Thus, this type of diffusion chamber is considered to be cell-impermeable in more than 90 per cent of the instances in which it was used and therefore suitable for the following experiments.
Mice.--Mice of the highly inbred CBA strain were used in all the experiments. Mter weaning at 4 weeks of age, they were housed in groups of 5 or 6 animals per cage and fed ordinary laboratory pellets and allowed to drink water freely. All mice were weighed twice a week.
Thymectomy.--Thymectomy or a sham operation was performed on each mouse within 16 hours of birth. The operation was performed under hypothermia by a technique which is a modification of one used by Miller (21) . After operation each mouse was returned to its original mother.
Lymphoid Organs.--When the thymectomized mice were from 9 to 12 days of age each mouse was given an intraperitoneal implant of a diffusion chamber containing one lymphoid organ. Five groups of mice were formed, each group receiving a different lymphoid organ. In the first group each mouse was given one posterior axillary lymph node from a 6-week-old normal CBA mouse; in the second group each mouse was given a whole spleen from a newborn CBA mouse; and in the third group each mouse was given a piece of spleen from a 6-week-old normal CBA mouse, the piece of adult spleen used being about twice the size of a newborn spleen. Each mouse in the fourth group received one lobe of newborn CBA (syngeneic) thymus, and in the fifth group each mouse received one lobe of newborn C57BL (allogeneic) thymus.
The appropriate lymphoid organs were removed aseptically and inserted into previously constructed and sterilized diffusion chambers. The tissue-containing chambers were sealed and placed temporarily into sterile Ringer's solution. Each chamber was implanted into the peritoneum of a recipient mouse within 15 minutes of the time it had been sealed. The recipients were anesthetized with ether, an abdominal incision, 1 em long, made in the midline, and the chamber inserted into the right side of the abdomen. The peritoneum and muscle layers were closed with one black silk suture and the skin closed with 2 black silk sutures. The operated mice were returned to their original mothers.
Controls.--In each litter of mice receiving the above lymphoid organs, 1 or 2 mice were not implanted with a tissue-containing a diffusion chamber and thus a neonatally thymectomized control group was gradually accumulated.
The sham-operated mice did not receive any lymphoid organs in diffusion chambers.
Hematological Studies.--When the mice were from 4 to 8 weeks of age, each mouse was bled from the retroorbital plexus and the total white count and total lymphocyte count determined. The total lymphocyte count was determined by counting the percentage of lymphocytes on a differential white count of 100 ceils and then calculating the absolute number from the total white count. Blood films were stained with Wrights stain. The above hematological data were obtained on each mouse prior to any skin grafting and immunization procedures.
Immuniza¢ion and Antibody Titrations.--Sheep erythrocytes in Alsever's solution (Baltimore Biological Laboratories, West Chester, Pennsylvania) were used to immunize each mouse. The red cells were first washed three times in normal saline and then made up to a 20 per cent suspension in normal saline. Each mouse was given 0.2 ml intraperitoneally at 6 to 8 weeks of age.
Ten days after injection each mouse was bled from the retroorbital plexus and serum antibody titrations performed at room temperature. Doubling dilutions of serum were added to 6 mm by 50 mm tubes which had previously been prepared by the addition of a drop of a 4 per cent suspension of washed sheep red cells in saline. The titer was read as the last tube in which macroscopically visible agglutination was present.
Skin C-rafls.--When each mouse was 7-to 9-weeks-old a full-thickness Ak skin homograft was performed using the method described by Billingham and Medawar (22) . Those mice bearing C57BL thymus tissue in diffusion chambers also received a fulLthickness C57BL skin homograft simultaneously with the Ak skin. Autografts of CBA skin were also placed on some mice in the neonatally thymectomized control group and in the sham-operated control group. Eight days after the graft was placed, the protective dressings were removed and the graft site examined daily for signs of rejection. An initial healthy appearance of the graft followed by erythema, drying, and hardening or scab formation and subsequent sloughing were taken as indications of graft rejection.
Verification of Completeness of Thymectomy and
Histology.--All mice dying of wasting disease as well as those mice killed at the completion of the experiments were autopsied. Whenever possible, mice which developed wasting disease were killed soon after the clinical signs had become well established, generally within 2 weeks of the first evidence of weight loss. Mice not developing wasting disease were allowed to live until completion of the experiment, at which time they were usually between 20-and 30-weeks-old. In all the mice which were killed, the superior mediastinum was carefully examined for thymic remnants both by visual inspection and by microscopic examination. In addition to removal of the superior mediastinal tissues, the largest available axillary lymph node, one Peyer's patch, the spleen, a piece of liver, and the diffusion chamber were routinely removed and fixed in formal-saline.
In those mice which were not killed, but which inadvertently died during the night and were found the next morning, the completeness of thymectomy was verified histologically, but other lymphoid tissues and organs were not removed for examination because it was felt that postmortem autolysis would spuriously alter the histological picture. Those mice which were too decomposed to allow a valid evaluation of the completeness of thymectomy were excluded from the study as were any animals which had been incompletely thymectomized.
Microscopic sections, cut at a thickness of 5/z were made of all tissues and stained with hematoxylin and eosin.
NEONATALLY
THYMECTOMIZED MICE
RESULTS

Skin Graft
Sur~val.--The survival of skin homografts in thymectomized control mice, in sham-operated controls, and in thymectomized mice bearing either neonatal or adult spleen, or an adult lymph node in diffusion chambers is shown in Table I . Each CBA (H-2k) mouse was given an Ak (H-2k) skin graft. Although there is only a weak histocompatibility difference between these two strains, all 16 sham-operated CBA mice rejected the Ak homograft within 20 days of the time it was placed. The group of totally thymectomized CBA mice, however, did not have the capacity to reject the skin homografts, all 23 mice retaining the skin homografts for more than 20 days. Markedly prolonged On the other hand, the presence of either syngeneic or allogeneic thymus tissue in diffusion chambers restored the capacity of a significant number of neonatally thymectomized CBA mice to reject Ak skin homografts (Table II) . Ten of the 21 thymectomized mice bearing syngeneic thymus in diffusion chambers rejected Ak homografts in less than 20 days. Of the remaining 11 mice, 7 accepted the skin graft for a markedly prolonged period of time. Similarly, 10 of 19 thymectomized mice bearing allogeneic (C57B1) thymus in diffusion chambers rejected Ak homografts within a normal period of time. Of 14 thymectomized CBA mice bearing C57B1 thymus in diffusion chambers which were challenged with C57B1 (H-2b) skin homografts, 9 showed a normal immune response.
Thus, in contrast to the ineffectiveness of spleen and lymph nodes, syngeneic and allogeneic thymus restored normal homograft responses in a significant proportion of completely thymectomized mice.
Ten neonatally thymectomized control mice and 10 sham-operated mice were given autografts of CBA skin. In all the animals the autografts were permanently accepted for periods exceeding 60 days. In particular thymectomized animals dying of wasting disease did not show any evidence of autograft rejection.
Antibodies to Sheep Erythrocytes.--Mice do not possess any naturally-occuring antibodies to sheep erythrocytes (17) . The antibody responses of the various groups of mice to an intraperitoneal challenge with sheep erythrocytes are * Millipore, rated pore size of 0.1 t~.
shown in Table III . Only 1 of 43 thymectomized control mice produced a normal hemagglufinin response, as compared to the normal responses of all of the 16 sham-operated mice. By contrast, in the two groups of thymectomized mice bearing thymus in diffusion chambers, 15 of 30 mice bearing syngeneic thymus and 16 of 36 mice bearing allogeneic thymus exhibited normal hemaggiutinin titers. Taken together as a group, only 3 of 50 thymectomized mice bearing a neonatal or adult spleen, or an adult lymph node in diffusion chambers produced normal hemagglutinin titers, and thus, tended to behave in a fashion similar to the thymectomized control group. Wasting Disease.--The total number of mice dead of wasting disease by 10, 14, and 18 weeks of age is shown in Table IV . Nearly eighty per cent (41 of 54) of thymectomized control mice were dead of wasting disease by 18 weeks of age. By this age the incidence of wasting disease in those groups of mice bearing either a spleen or a lymph node in a diffusion chamber ranged from fifty per cent (12 of 24) in those mice with a neonatal spleen in a diffusion chamber to more than eighty per cent (15 of 18) in mice hearing an adult lymph node. Only 1 of the 20 mice which were implanted with thymus-filled diffusion chambers and which subsequently displayed a normal homograft response died with the signs of wasting disease. On the other hand sixty per cent (12 of 20) of those mice implanted with similar thymus-filled chambers, but which still displayed deficient homograft immunity succumbed to wasting disease. The incidence of wasting disease in this latter group of mice was therefore similar to that seen in thymectomized control mice. There were no further deaths caused by wasting disease after the 18th week of age in any of these groups of mice.
Blood Lymphocyte Counts.--Normal and sham-operated CBA mice have a total lymphocyte count of more than 6000 per mms at 4 to 8 weeks of age. It was found that the lymphocyte counts in thymectomized mice bearing either thymus or other lymphoid organs in diffusion chambers were all less than 5000
>. per mm 3, and were similar to those found in the thymectomized control group (Text- fig. I ). Thus, in all of these groups of mice the lymphocyte counts were below normal, and the presence of either a lymph node or spleen, or of syngeneic or a11ogeneic thymus in the diffusion chambers did not appreciably alter the number of circulating lymphocytes.
Furthermore, a comparison of the numbers of lymphocytes in the blood of those thymectomized mice bearing thymus-filled diffusion chambers which displayed normal homograft immunity with those which displayed a deficient response, showed that both groups of mice had similar numbers of circulating lymphocytes (Text- fig. 2 ).
Microscopic Examination of Tissues.--A comparison was made of the micro-scopic appearance of the spleens, lymph nodes, and Peyer's patches obtained from the various groups of mice. At least 2 and usually all 3 of these lymphoid organs were examined from any one mouse. The comparison was based upon the assignment of arbitrary criteria which were derived from prior examination of the corresponding lymphoid tissues of normal mice.
First, the absence or presence of primary lymphoid follicles in each organ was ascertained. If primary follicles were present in sections of a spleen they were arbitrarily denoted as being "large" if the largest follicle in any section was 1 mm or more in size, and "small" if less than 1 mm on measurement of the greatest diameter. In the sections of lymph nodes and Peyer's patches, a large follicle was one which was ~ mm or greater in diameter.
Next an estimate was made of the extent to which each organ was populated with small lymphocytes. In a normal spleen either the entire follicle or at least the outer third of the follicle was densely packed with small lymphocytes. There was also a scattering of small lymphocytes throughout the red pulp. The lymph nodes of normal mice did not always contain lymphoid follicles, but when they were present, the outer rim of each follicle was composed of numerous small lymphocytes. In addition the medulla contained an easily discernable scattering of small lymphocytes. The presence of small lymphocytes in the medulla was a constant finding in the lymph nodes of normal mice, even when follicles were not present. The Peyer's patches of normal mice contained an abundance of both primary follicles and small lymphocytes.
If the number of small lymphocytes in the section of any organ was estimated to be less than one quarter of the number present in the corresponding organ of a normal animal, such an organ was classed as being "markedly depleted" of small lymphocytes. If more than one quarter, but less than the normal number of lymphocytes was present, the lymphocyte population was considered to be "moderately depleted".
Using the above criteria the available lymphoid organs from each animal were examined without prior knowledge of the experimental group to which the animal had belonged. After the microscopic examination of all the organs was completed the results were tabulated according to the appropriate experimental groups from which the organ had been obtained (Table V) . In each experimental group the total number of lymphoid organs examined was made up of approximately equal numbers of spleens, lymph nodes, and Peyer's patches. It was found that within each experimental group, there were only minor differences in the results found when 1 of the 3 lymphoid organs was compared with any of the other 2. No distinction as to the type of organ examined has been made in the tabulation of these results. Therefore, the results from all the spleens, lymph nodes, and Peyer's patches of the mice in any one experimental group have been pooled and are presented together. The microscopic appearance of the spleens, lymph nodes, and Peyer's patches obtained from mice in the various groups is shown in Figs. 1 to 12 .
The size of the primary follicles and numbers of small lymphocytes present in the lymphoid organs of sham-operated mice were found to be similar to those present in normal mice. Only 1 lymphoid organ (a lymph node) of the 26 which were examined from sham-operated mice showed an absence of lymphoid follicles. Of the remaining 25 organs, 15 had large follicles (Figs. 1 and 2 ). Almost all of the lymphoid organs (25 of 26) which were examined from sham-operated controls had a normal number of small lymphocytes (Figs. 1 to 3) . One lymphoid organ (a lymph node) from a shamoperated animal was moderately depleted of small lymphocytes. Only 4 of 44 lymphoid organs obtained from thymectomized control mice which were clinically healthy at the time of death showed a complete absence of follicles. A majority of the organs contained small follicles (Fig. 4) . showing clinical evidence of wasting prior to autopsy were found to have an absence of follicles (Fig. 6 ) and all 41 organs showed less than the normal number of lymphocytes. In 35 of these 41 organs there was a very marked depletion of small lymphocytes (Figs. 6 and 7) . The lymph nodes, spleens, and Peyer's patches of those thymectomized mice bearing thymus-filled diffusion chambers, whether they had displayed normal homograft immunity or not, were found to be similar in appearance to the lymphoid organs of the thymectomized control group of mice. The appearance of the organs from the immunologically restored animals which were healthy at the time they were killed was similar to the appearance of organs from the healthy thymectomized group. Thus, 24 of 42 organs from immunologically restored animals showed the presence of small follicles (Fig. 8) and 40 of the 42 organs were found to be moderately or markedly depleted of small lymphocytes (Figs. 8 and 9 ). Although a total of only 11 organs was obtained from healthy thymectomized mice bearing thymus tissue but which were still immunologically deficient, the appearance of these was found to be similar to that of the immunologically restored group of thymectomized mice (Figs. 10 and 11) .
Usually a complete absence of follicles was found in the organs obtained from wasting thymecte,.:,~zed mice bearing thymus-filled diffusion chambers (16 of 24 organs). In thoz animals there was also a virtual absence of small lymphocytes (18 of 20 organs) as shown in Fig. 12 .
The histological appearance of lymphoid organs from thymectomized mice implanted with a syngeneic neonatal or adult spleen, or an adult lymph node in diffusion chambers showed the same patterns as those seen in the thymectomized control mice. Mice which were clinically healthy prior to death showed a moderate depletion in the numbers of small lymphocytes (64 of 68 organs) and a tendency to fewer large follicles (19 of 68 organs) than seen in normal mice, but the absence of follicles and small lymphocytes was more prevalent in those mice dying of wasting disease.
Thus, the presence of thymus tissue in diffusion chambers implanted into neonatally thymectomized mice, did not lead to a restoration of a completely normal histological structure in the spleens, lymph nodes, and Peyer's patches in these mice regardless of whether such mice displayed normal homograft and humoral immune responses or not. The overall appearance of the organs from these mice was not appreciably different than that of neonataUy thymectomized control mice or of thymectomized mice which were implanted with diffusion chambers containing either spleen or lymph node tissue. In essence there appears to be a closer correlation of the presence or absence of lymphoid structures with whether the animal from which the lymphoid organs were obtained was clinically healthy just prior to death or was wasting. In those thymectomized animals which were clinically healthy, regardless of whether or not they were implanted with lymphoid tissue in a diffusion chamber, and regardless of whether the lymphoid tissue was thymus, spleen, or lymph node, there was a less marked deficiency of small lymphocytes and fewer organs showing a complete absence of lymphoid follicles than in any of the thymectomized animals which were dying of wasting disease.
Microscopic examination of sections of liver revealed evidence of necrosis of parenchymal cells with some degree of fibrous tissue reaction in almost all of the mice dying of wasting disease (19 of 22 livers). In some cases the areas of necrosis were focal (Fig. 13 ), but in more extensively involved livers the areas tended to coalesce. Only 1 of 42 mice which were clinically healthy at the time of death had evidence of liver necrosis. Thus, the incidence of liver necrosis was much higher in animals which were wasting than in those which were healthy just prior to death.
The tissue in diffusion chambers recovered from those mice which had displayed normal homograft immunity usually was composed of fibrous tissue, fibroblasts, and epithelial cells (Fig. 14) . Some of the epithelial cells showed abundant cytoplasm and tended to lie in groups of 3 or 4 cells in lacunae (Fig.  15) . Small lymphocytes were seldom present. No viable tissue could be recovered from some of the chambers.
DISCUSSION
The results presented in this report indicate that neonatal thymus tissue, enclosed within cell-impenetrable diffusion chambers constructed of Millipore filter material having a pore size of 0.I ~, is capable of restoring to normal the immunological responses of a significant number of neonatally thymectomlzed mice. In this respect, these results are in agreement with previously published observations in thymectomized animals implanted with thymus-filled chambers having a pore size of 0.3/~ (15-17) and 0. 45 # (18-20) . Similar observations in rats have also been reported (23) . Thus, all of these observations strongly suggest that the thymus, under these experimental conditions, elaborates a humoral factor which plays a role in the development of immunity. In addition, another experiment which has shown that neonatally thymectomized female mice which have been pregnant subsequently display normal immune responses, suggests that a humoral factor may also be elaborated in a physiological situa-tion; i.e., the production of a humoral substance by the thymus glands of the fetuses restores maternal immune reactivity (24) . Thus, it seems likely that the demonstration of a humoral factor using diffusion chambers is not merely an artifact created by a highly artificial experimental condition, but that the production of a thymus hormone with far reaching immunological effects is a normal, physiological event in the intact animal.
That the humoral factor elaborated by the thymus tissue from one strain of mouse is capable of restoring the deficient immune responses of another indicates that there is no intraspecies barrier based upon strain differences which might inhibit the action of this factor. Neonatal C57B1 thymus and CBA thymus were equally effective in restoring the immune responses of neonatally thymectomized CBA mice. Furthermore, CBA mice bearing C57B1 thymus tissue in diffusion chambers displayed the capacity to reject C57B1 skin grafts. Thus, although the allogeneic thymus restored normal immune responses it did not induce host tolerance to the allogeneic skin antigens. This finding is in agreement with similar results found in neonatally thymectomized animals treated with subcutaneously placed allogeneic thymus grafts (25) .
The mechanism of action of a thymus hormone could be to either deal directly with foreign antigens, or to exert some modifying effect on the hosts lymphoid system. Since it is known that small lymphocytes are the cells which are intimately concerned with dealing with foreign antigens by immunological means (26) (27) (28) (29) , it seems reasonable to postulate that the action of a thymus hormone would be directed in some way towards that class of lymphocytes which are involved in immune reactions.
The effect on the lymphoid system produced by a thymus hormone could be either to stimulate lymphopoiesis, or to induce immunological competence in cells having immunological potential, or both of these things. Since neonatally thymectomized mice characteristically have at least some deficiency of small lympocytes (30) it is tempting to assume that this depletion is alone responsible for the deficient immune reactivity found in such mice. However, mice thymectomized in adult life also display a depleted population of small lymphocytes, but nevertheless do not show any impairment in their immunological faculty (31, 32) . Furthermore, in the experiments reported here the lymphoid organs of those thymectomized mice which were implanted with thymus-filled diffusion chambers and displayed normal immune responses, were found to have a depletion of primary follicles and small lymphocytes. Such organs were indistinguishable from the lymphoid organs of the thymectomized control mice having deficient immune responses. There was also a persistence of low numbers of circulating lymphocytes in spite of the normal immune reactivity in those thymectomized mice which had been implanted with thymus-filled chambers. In another experiment it has been found that thymectomized mice displaying normal immunological faculty after pregnancy also had a persistent lymphopenia (24) .
This evidence suggests that a reduction in the total number of small lymphocytes may not be the only feature responsible for the immunological deficiency found after neonatal thymectomy. The finding that there was no appreciable change in the overall number of small lymphocytes in neonatally thymectomized mice restored immunologically by thymus-filled diffusion chambers and by parity argues for a humoral mechanism of action which does not involve detectable lymphopoiesis. This view differs from that expressed by Metcalf, i.e. that the thymus produces a lymphocytosis-stimulating factor (10, 11) , and from the results reported by Levey, Trainin, and Law (20) . The latter claimed that neonatally thymectomized mice bearing thymus tissue enclosed in diffusion chambers having a pore size of 0.45 # showed a normal structure and lymphocyte content in their lymphoid organs. Osoba and Miller found that a small proportion of mice bearing thymus tissue in diffusion chambers having a pore size of 0.3/z had normal lymphoid organs, but that the majority of the mice still showed a moderate or marked depletion of primary follicles and lymphocytes (17) .
The thymus humoral factor, although instrumental in restoring to normal the immune reactions of neonatally thymectomized mice, failed to produce any obvious morphological restoration of lymphocyte-depleted lymphoid organs. Therefore, it is postulated that the thymus hormone acts by inducing a nonmorphological, or functional change in preexisting lymphoid cells. This change enables cells with immunological potential to initiate immune reactions.
If the thymus hormone induces immunological competence in cells destined to initiate immune reactions then it must be explained why thymus lymphocytes do not take part in immune reactions in a fashion similar to that of spleen and lymph node lymphocytes. For example, 20 to 60 times more thymus lymphocytes than peripheral lymphocytes are required to produce a graft versus host reaction (33) . Thymus tissue from immunized animals which has been maintained in vitro produces little, if any specific antibody and globulin (34) (35) (36) . Furthermore, passive transfer of immune reactivity by thymus cells from preimmunized donors is almost totally ineffective in comparison to the efficiency of non-thymic lymphoid cells (37) . In the intact thymus of a sensitized animal there is no lymphoid follicle formation (38) , few, if any plasma cells and no gamma globulin production (39) . However, if an antigen is injected directly into the thymus all these events are found to occur (38) . Whether the resulting morphological and functional changes are mediated by thymus lymphocytes or by peripheral lymphocytes which infiltrate the gland ~/a the site of injection is problematical, but these findings have been interpreted as indicating the existence of a blood-thymus barrier which ordinarily prevents the entry of foreign antigen into the thymus (37) .
There are, however, objections to the theory of a blood thymus barrier. Although it has been stated that antigen can be found within the thymus in only small amounts after parenteral injection (38) , appreciably larger amounts are found following intramediastinal injection (40) . It has also been demonstrated by electron microscopy that parenterally administered ferritin can be seen in the macrophages and epithelial cells of the thymus (41) . Thus, a true blood-thymus barrier may not in reality exist and an alternative explanation must be sought which will answer why thymus lymphocytes, although present in the very organ which produces a competence-inducing hormone are themselves only poor participants in immunological reactions. The following theory is offered as one which may provide such an explanation.
The thymus may serve as a pool of lymphocytic stem cells, the destiny of which is to eventually replace immunologically comnfitted cells present in the circulation, lymph nodes, and spleen. By analogy with other hematopoietic cell types, it may be argued that the lymphocytic stem cell and immature lymphocytes are incapable of functioning in the same manner as are fully mature cells, e.g. early erythroid cells do not play a role in oxygen transport, this being a special function of fully mature erythrocytes. Similarly, the early lymphocytic precursors, during maturation in the thymus are perhaps not yet capable of performing the special function of responding to the stimulation of antigens. If almost all of the lymphocytic precursors leave the thymus before they have reached the stage at which they are capable of responding to antigens then the morphological changes which accompany an immunological response would not be seen in the intact thymus. Such a theory implies, therefore, the completion of maturation of the lymphocyte-precursor cell outside of the thymus environment. Although the cells in the thymus cortex morphologically seem to resemble thoracic duct small lymphocytes this does not necessarily imply that thymus small lymphocytes have the same functions or capacities as do thoracic duct lymphocytes. Until recently circulating small lymphocytes were considered to be end cells, but it is now well known that such cells can under antigenic, and perhaps other stimulation, transform into large pyroninophilic cells and undergo mitosis (42) (43) (44) .
Thus, the immunological unresponsiveness of thymus lymphocytes could be explained by the postulate that thymus lymphocytes, although under the local influence of the competence-inducing effect of thymus hormone, leave the thymus before they have attained full maturation. Subsequent development outside the thymus, still under the influence of thymus hormone, brings the thymus-derived cells to a further stage of maturation during which they become fully capable of initiating immune reactions. Contact with antigen then stimulates the mitotic activity which produces a clone of cells committed to that antigen. It has already been shown that contact with antigen after birth results in significant lymphopoiesis in the peripheral lymphoid organs (45) . Neonatal thymectomy, thus, would remove not only the source of cells which may be destined to eventually populate the peripheral lymphoid organs (45, 46) , but also the competence-inducing hormone which directs the functional maturation of lymphocytes endowing them with the capacity to initiate immune reac-tions. Thus, those cells which seeded out of the thymus just prior to neonatal thymectomy would remain arrested at a stage of development short of the attainment of immunological competence. The provision of thymus factor, either from a thymus in a diffusion chamber or from intrauterine fetal thymuses allows completion of maturation, but because neither of these experimental restorative methods allows the addition of more thymus-derived cells to the lymphoid organ populations, there remains a paucity of lymphocytes in these organs and in the circulation.
Clearly, further experimentation is necessary to test the proposed hypothesis. However, the results of the experiments reported here suggest the existence of a thymus humoral factor, the function of which may be to induce immunological competence in cells with preexisting immunological potential.
SUMM&R¥
When neonatally thymectomized CBA mice were implanted at 9 to 12 days of age with Millil~ore diffusion chambers (pore size, 0.1 /z) containing either syngeneic or allogeneic neonatal thymus, they were subsequently found to have the capacity to reject skin homografts and to form antibodies to sheep erythrocytes. In spite of displaying restored immune reactivity, thymectomized mice bearing thymus-filled diffusion chambers still had a lymphopenia and diminished numbers of small lymphocytes in their spleens, lymph nodes and Peyer's patches. Comparison of the lymphoid organs of these mice with those of the thymectomized control mice did not reveal any appreciable difference in the numbers of primary follicles or small lymphocytes. It is postulated that the thymus humoral factor induced immunological competence in lymphoid cells which had left the thymus prior to neonatal thymectomy. The paucity of circulating and tissue small lymphocytes in thymectomized animals, the immune reactivity of which was restored by thymus tissue in diffusion chambers, argues against the theory that the thymus humoral factor has a lymphocytosis-stimulating effect.
There was no restoration of immune reactivity in those neonatally thymectomized mice which had been implanted with diffusion chambers containing neonatal or adult spleens, or adult lymph nodes. Thus, the competence-inducing factor is elaborated by the thymus but not by the spleen or lymph nodes.
Allogeneic (C57B1) neonatal thymus tissue, enclosed within diffusion chambers, had the capacity to restore the immune reactivity of totally thymectomized CBA mice, not only to skin homografts of a totally unrelated strain (Ak), but also to grafts isogeneic with the donor of the allogeneic thymus. Therefore, there is no strain barrier to the action of thymus humoral factor.
To explain the apparent lack of full participation of thymus lymphocytes in immune reactions it is postulated that thymus lymphocytes are functionally immature in situ, and that they leave the thymus before attaining immunologi-cal competence. In the periphery, they undergo further maturation under the influence of the competence-inducing factor produced by the thymus.
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EXPLANATION OF PLATES
All microscopic sections were stained with hematoxylin and eosin. . 7 . Axillary lymph node of neonatally thymectomized 14-week-old CBA mouse dying of wasting disease. There is a conspicuous lack of primary follicles and only a small number of small lymphocytes is present. The medulla is composed of reticuloendothelial elements. × 130.
FIG. 8. Axillary lymph node of a healthy 20-week-old CBA mouse which was totally thymectomized at birth, given an intraperitoneal implant of a syngeneic neonatal thymus within a Millipore diffusion chamber at 9 days of age, and subsequently displayed normal immune responses. The cortex contains numerous small follicles composed of numerous small lymphocytes. The medulla, however, shows few small lymphocytes as compared to normal (Fig. 1) , and this organ was classed as being "moderately depleted" of small lymphocytes. × 33.
PLATE 41
FIG. 9. Axillary lymph node of a healthy 20-week-old CBA mouse which was totally thymectomized at birth, given an intraperitoneal implant of a syngeneic neonatal thymus within a Millipore diffusion chamber at 9 days of age, and subsequently displayed normal immune responses. This is a higher magnification of an area from the lymph node shown in Fig. 8 . There is a relative lack of small lymphocytes in the medulla although there are numerous small lymphocytes in the follicles. X 130.
FIG. 10. Spleen of a healthy 18-week-old neonatally thymectomized CBA mouse which was given a diffusion chamber filled with allogeneic neonatal thymus, but which failed to display normal immune reactivity. Small follicles containing a moderate number of small lymphocytes are present, hut the red pulp shows few small ]ymphocytes. Collections of erythroid precursors are present in the red pulp. X 33.
FIG. 11. Spleen of a healthy 18-week-old neonatally thymectomized CBA mouse which was given a diffusion chamber filled with allogeneic neonatal thymus, but which failed to display normal immune reactivity. This is a higher magnification of an area from the spleen shown in Fig. 10 . There is a moderate depletion of small lymphocytes in the red pulp. The densely staining small cells are erythroid precursors. X 130.
FIG. 12. Spleen of a 12-week-old neonatally thymectomized mouse bearing a thymus-filled diffusion chamber which displayed deficient immune responses and developed wasting disease. There is generalized atrophy and the lymphoid follicles are poorly developed. There is a paucity of small lymphocytes. X 33. 
